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ABSTRACT 
Disease is recognized as a critical factor that can affect primate behavior, yet few methods allow 
for the quantification of disease states in wild primates. This paper reports on the use of urinary 
test strips to detect the presence of disease and monitor physiological status in wild orangutans . 
Urine was collected from wild orangutans at Gunung Palung National Park, Indonesian Borneo, 
between August 1994 and August 1995. A total of 387 urine samples were obtained from over 43 
orangutans by placing plastic sheets beneath individuals during urination. Boehringer Mannheim 
urinary test strips were used to evaluate specific gravity, leukocytes, nitrite, pH, ketones, protein, 
glucose, urobilinogen, bilirubin and blood . Objectives of using these test strips were (1) to 
evaluate the presence of disease (2) to detect signs of nutritional stress (3) to monitor the 
occurrence of menstruation and (4) to use specific gravity as a measure of urine concentration for 
hormonal analysis. 
Overall, the presence of leukocytes was detected in 47% of samples. Significantly more males 
than females exhibited high leukocyte levels in urine. These were all adult males who had recently 
received wounds during conflicts with other males . One female exhibited exceptionally high 
leukocytes in the months pre- and post-partum . The presence of nitrite in urine can also be 
indicative of infection and was seen in 17% of samples. Glucose, urobilinogen and bilirubin did 
not vary significantly above normal. Ketones, reflecting the breakdown of fatty tissues, were 
found in 9% of urine samples. Significantly, these all occurred during a period of extremely low 
fruit availability. Additionally, the presence of protein in urine may reflect the breakdown of 
muscle tissue. A total of 43% of urine samples showed trace levels of protein, concentrated during 
the period of lowest food availability. Blood was detected in 11 % of urine samples, reflecting 
either menstruation or, if in conjunction with high leukocyte counts, infection. 
Non-invasive methods such as this promise to provide new ways to evaluate health status and 
interpret behavior of orangutans as well as other primates. Detecting infection can be used to 
evaluate the seriousness of wounds and serve to quantify the costs associated with particular 
behaviors. It may also reveal the presence of infection not otherwise apparent. Orangutans have 
no visual sign of ovulation or estrus, thus, detection of menstruation using this method can help 
determine whether an individual female is cycling. 
INTROHUCTION 
Physiological functioning of wild primates, such as orangutans, is very difficult to evaluate. 
However, knowledge of physiological and reproductive states can greatly improve our 
interpretation of the behavior of wild primates. Urine is a substance readily obtained from many 
free-ranging primates and a number of tests can be performed on urine to evaluate physiological 
and reproductive states. The collection and analysis of urine samples from wild primates can thus 
unite the more precise reproductive measures obtained from laboratory analysis with the natural 
behavior of free-ranging animals. 
This study was conducted on wild orangutans in Gunung Palung National Park, Indonesia 
between July 1994 and November 1995. The study is currently ongoing. Urine was collected 
from free-ranging female and male orangutans during approximately 6000 hours of observation . 
Hormones present in these urine samples are currently being measured in the Reproductive 
Ecology Laboratory at Harvard University . Reported here are tests which were done while still in 
the field using urinary reagent dip-sticks and pregnancy and ovulation tests kits. 
These urinary dip-sticks are routinely used in medical laboratories to evaluate human health status . 
However, due to similar physiology, the reactions being measured should also be applicable in 
evaluating primate health status. The use of these measures with wild primates, though, is 
exploratory in nature. Without the aid of other diagnostic tests, interpretation of these results must 
use contextual clues to assess the most likely explanation when positive results are obtained. 
Non-invasive methods such as this promise to provide new ways to evaluate health status and 
interpret the behavior of orangutans as well as other primates species . 
URINE COLLECTION 
Urine samples were collected from orangutans during daily focal follows . Orangutans usually 
urinate upon awakening when they leave their night nest. Most samples were collected at this 
time . A total of 387 samples were collected from 12 adult males, 15 adult females, 13 subadult 
males and 3 adolescent females . 
A large (1.5 x 1.5 m), clean plastic sheet was placed on the ground beneath the sleeping nest before 
the animal awakened . The side of the nest from which the animal would leave could often be 
anticipated and the sheet placed accordingly. Urine could also be collected during the follow by 
throwing a plastic sheet beneath the urinating animal . 
Urine was collected from these sheets using disposable plastic pipettes and then transferred into 
plastic collection tubes. Large volumes were stored in 15 ml screw top centrifuge tubes and 1.5 ml 
snap tubes were used for small samples. Plastic disposable gloves were worn for protection and 
to avoid contaminating the sample . Care was taken not to collect urine that had intermixed with 
feces on the plastic sheet. Plastic sheets were washed with soap and water and could be reused . 
Urine was also collected directly from vegetation. A short-stemmed pipette was used to draw up 
these small volumes . Suspended drops on leaves could be captured directly into plastic bottles. 
FIELD URINALYSIS 
Commercially prepared reagent dipsticks were used to evaluate fresh urine samples. These tests 
were run as soon after urine collection as possible. Tests were often conducted in the field while 
the animal was engaged in an extended resting or feeding bout. 
1. The test strip was dipped into the urine sample, making sure that all reagent patches were 
totally immersed in urine. With small urine volumes, reagent patches were dipped into 
urine sequentially . Each patch was cut off the test strip as the test was completed . 
2. The edge of the test strip was drawn out along the rim of the test tube to remove any excess· 
urine . 
3. Tests wei:-e held up to the color chart on the bottle and read after the appropriate time. 
4. Data were recorded on a specially prepared data sheet. Time of urination, time of 
collection, method of collection, urine color, total volume, and presence of any debris or 
feces, were recorded. 
LEUKOCYTES & BLOOD 
The detection of leukocytes and blood in urine can provide a way to assess the presence of 
infection and/or disease in free-ranging animals. In humans, leukocytes are used to detect urinary 
tract infections and may also be present with other inflammatory disorders. White blood cells 
migrate through undamaged tissues to sites of infection and inflammation. Additionally, blood 
(hemoglobin) may be present in urine due to trauma and severe infections. 
Figure 1 indicates the presence or absence of leukocytes in three orangutan age-sex classes. For 
each of 40 individuals , it was determined whether leukocytes were ever present in the urine of the 
animal. Significant differences were found between the different age-sex classes (chi square, p = 
.0413) . Of the 12 adult males sampled, 11 had leukocytes in their urine at some point. At least 6 
of these individuals had visible wounds at the time leukocytes were detected. This is consistent 
with the interpretation that leukocytes in urine may provide a measure of infection and 
inflammation. Animals with the most visually severe wounds also had the highest level of 
leukocytes . Additionally, the presence of blood in urine was positively correlated with the 
presence of leukocytes . 
The percentage of adult females and sub-adult males that ever had leukocytes in urine was roughly 
equal, with about half of the individuals in each class displaying leukocytes. Most of these 
individuals had no obvious signs of infection, although this cannot be ruled out since we were only 
able to assess the presence of visible wounds . One of the adult females had high leukocytes 
immediately during and after pregnancy. Some adult females may have had a false-positive result 
due to contamination of urine with genital secretions, as can occur in women . 
MALE-MALE COMPETITION 
Male-male competition has been proposed as one of the causes of the extreme sexual dimorphism 
found in orangutans. This study provides a way-to measure some of the costs of this competition. 
At least six of the adult males followed had visible wounds due to fights with other adult males. 
Adult males also had significantly higher mean leukocytes levels (Mann-Whitney U test, 
p=.0325). The presence of leukocytes in urine is consistent with the interpretation that these adult 
males were fighting infection. Severe infection can lead to an overall decrease in energetic status 
and ultimately can cause death. 
Two adult males died during the study period; at least one of these clearly due to wounds inflicted 
by another male. One of these "Rocky" had a large wound on his right shoulder (photo above) 
and lower lip. His leukocyte counts were consistently at ++ after this wound was inflicted. His 
shoulder wound was extremely inflamed and he died apparently due to a systemic infection 
resulting from this wound . A second individual was also found dead. The third metatarsal in his 
left foot had signs of osteomyelitis. This wound and other identifying features were consistent 
with the identification of this animal as "TB" an adult male who had a large visible wound on his 
left foot. 
Interestingly, sub-adult males did not display visible wounds and had lower leukocyte counts 
overall. This is consistent with the interpretation that sub-adult males are able to avoid direct 
competition with large adult males. Their small body size allows them to run away and they tend 
not to seek out encounters with large males. Adult males, alternatively, sought out other adult 
males who were long-calling and a number of aggressive encounters were witnessed. 
KETONES & PROTEIN 
The detection of ketones and protein in urine can provide an independent measure of changes in 
energy balance associated with decreasing nutritional status. In humans, ketones are produced in 
the urine of people on weight-reduction diets and during starvation. This is due to fat metabolism 
as a result of inadequate carbohydrate intake. The breakdown of protein, or proteinuria, can result 
from the destruction of muscle fibers. This may also be reflective of food shortage. 
In this study I found that the presence of ketones and protein in urine was highly correlated with 
dramatic changes in both food availability and diet. The southeast Asian rainforest, where 
orangutans live, is characterized by supra-annual mast fruiting events when many trees fruit in 
synchrony. These masts occur every 4-7 years and one such event occurred during this study 
period (as seen in Figure 2). Changes in the availability of "orangutan" fruits were reflected in 
dramatic changes in diet composition. Whereas during the mast orangutans fed almost exclusively 
on flowers, seeds and pulp, during the non-mast period, their diet was composed primarily of 
bark, leaves and some fruit (as seen in Figure 3). 
Ketones were only found in orangutan urine during the non-mast period. During this period, 20 of 
45 sample weeks showed the presence of ketones. Data were analyzed using a chi-square analysis 
by comparing the mean value for each individual for each week and were significant at p = .0001. 
Differences between the mast and non-mast period in protein levels were also highly significant 
(chi-square, p=.0001). However, some protein was found in the urine during the mast. Many of 
these individuals displayed injuries, thus high protein levels in these cases may have reflected 
break down of muscle tissue due to disease. 
REPRODUCTIVE STATUS 
Orangutans as well as other great apes normally produce some blood during menstruation. The 
amount is normally far less than found in humans, but can be detected using urinary test strips . 
This procedure is routinely used to evaluate menstrual cycles in captive orangutans. Many of the 
adult females in this study were either pregnant or lactating and, as predicted, no evidence was 
found in their urine of blood due to menstruation. The presence of blood in several cycling 
females will be evaluated in conjunction with hormonal data obtained from urine to assess its 
usefulness in detecting menstruation in wild orangutans. 
In addition to reagent dip-sticks, pregnancy and ovulation test kits were also used to determine 
reproductive status in the field. These test kits were donated from Quidel and are normally used 
for humans. Orangutan hormonal profiles during pregnancy are in fact more similar to those 
found in humans than are hormonal profiles found in gorillas and chimpanzees (Czekala, 1988). 
Thus, it seemed warranted to evaluate the usefulness of these test kits in assessing pregnancy and 
ovulation in orangutans . Ovulation was detected in three adult females. These individuals did not 
have an accompanying offspring and thus they were judged to likely be cycling . These ovulation 
tests measure LH which was detected in the urine of the pregnant orangutan Beth at the end of 
pregnancy. Pregnancy was not revealed using the HCG test kit. 
PREGNANCY & BIRTH 
The presence of leukocytes in urine may provide a measure of the costs of reproduction in 
females. In this sample of adult females, those with offspring had higher levels of leukocytes than 
did females without offspring. The exact cause of high leukocyte load in these individuals was 
difficult to determine. However, it does imply that females with offspring are either more at risk 
of infection or, due to greater energetic demands , may have a more difficult time fighting existing 
infections . 
During the study period one female "Beth" (pictured above) was observed during the last three 
months of pregnancy and immediately after birth. Her leukocyte counts during the three weeks 
immediately before and after birth were quite high (mean = 1.8). During the later part of 
pregnancy Beth had very red, swollen, protruding labia. In this condition her labia would have 
been exposed to a higher risk of tearing and damage-possibly leading to infection. (This 
observation of red swollen labia during pregnancy contrasts with the white labia of pregnancy 
noted by Galdikas). Alternatively, higher leukocyte levels at this time may be a reflection of 
greater energetic costs associated with pregnancy and a compromised ability to fight non-
pregnancy related infections. 
CONCLUSION 
Evaluation of urine using chemical reagent dip -sticks in orangutans at Gunung Palung reveals: 
1. Adult males in general had higher levels of leukocytes in urine than did adult females or 
sub-adult males. The number of individuals showing high leukocytes at some point during 
the study period was also significantly higher in adult males than in females and sub-adult 
males . This finding is consistent with the observation of a high number of wounds in adult 
males. It also substantiates the high cost tpat may be associated with male-male 
competition. 
2. During periods of low food availability ketones were revealed in the urine of orangutans. 
Ketones are indicative of fat metabolism and provide independent evidence for the 
compromised energetic status of orangutans during food poor periods. 
3. Urinary reagent strips can be used in orangutans to reveal menstruation and to detect the 
occurrence of ovulation. 
4. Evaluation of urine using non-invasive measures, such as these urinary dip sticks, can 
provide a way to study physiological and reproductive functioning in wild primates such as 
orangutans . 
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- TESTS CONDUCTED 
A measure of the density of urine. Indicates kidney's ability 
to re-absorb water. Can be used to evaluate hydration status . 
Also serves as a measure of concentration for hormonal 
analysis . 
Reflects the kidney's ability to regulate the acid-base balance 
of the body. A highly acidic or highly alkaline diet will be 
reflected in the pH. Highly acidic urine may be indicative of 
infection. 
Detects the presence of white blood cells (neutrophils) in the 
urine. In humans usually indicative of a bacterial infection in 
the renal/genitourinary system. However, may also be 
indicative of general inflammatory disorders. 
Detects the presence of bacteria. Nitrate, which is normally 
present in urine, is converted to nitrite in the presence of 
bacteria. Best evaluated in first morning samples after urine 
has sat in bladder. 
Evaluates presence of protein in urine. Can detect proteins 
such as hemoglobin, rnyoglobin or irnunoglobulins. High 
protein levels may be indicative of break down of muscle, . 
strenuous physical exertion and systemic disease. 
If plasma glucose levels are very high, glucose will appear in 
the urine . In humans indicative of diabetes mellitus. 
Indicative of excessi ve fat metabolism. "Ketones" refers to 
three intermediate products of fat metabolism: acetone, 
acetoacedic acid and beta-hydroxybutric acid. 
A bile product resulting from the breakdown of hemoglobin . 
Old and damaged red blood cells are broken down in the 
spleen and liver. Presence of bilirubin in humans is 
indicative of liver disease. 
Bilirubin is converted to urobilinogen by bacteria in the 
intestine. Similarly to bilirubin, it is excreted in high 
quantities in urine when liver cells are damaged . 
This test measures either the presence of blood or 
hemoglobin in urine. Red blood cells are indicative of 
disease or damage to the genitourinary tract. Hemoglobin in 
urine may result from trauma or severe infection. 
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Figure 1: Presence or absence of leukocytes in urine according to age-sex class. A total of 40 individuals were 
sampled. Results for each individual reflect whether leukocytes were present or absent at any time during the 
study period. Results using a chi-square test were statistically significant (p = .0413). 
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Figure 2: The bottom graph presents data on availability of orangutan fruits during -1994-1995. A "mast" fruiting occurred between September and 
Februray of 1994 when food availability was very high. Food availability and the quality of the orangutan diet were very low following the mast. The 
top graph presents the percentage of urine samples containing ketones , showing that fat metaboli sm occurred during the non-mast perid. 
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Figure 3: The top graph shows the percentage of orangutan diet deriving from whole fruit 
and pulp, seeds, flowers, insects, leaves, pith and bark. Compare to Figure 2 to note how the 
dramatic changes in diet are correlated with food availability. The bottom graphs shows the 
proportion of time one female orangutan spent feeding on bark, fruit, leaves, pith and insects 
during April and May of 1995. Note the high reliance on bark and leaves during this non-
mast period compared to the previous 6 months (top graph) when orangutans fed 
predominantly on flowers, fruit pulp and seeds. 
